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14.  ASST(U<;t  (M«M$mumiOOwotm 

Sulfiu  mustard  (SM)  causes  blisters  in  the  skin  through  a  series  of  cellular  changes  that  we  are  beginning  to 
identify.  In  the  last  year,  we  found  a  major  role  for  and  calmodulin  in  the  induction  of  differentiation 
m  human  keratinocytes  in  response  to  SM.  We  also  obtained  the  unexpected  results  that  SM  induces 
makers  of  apoptosis,  and  that  this  process  also  proceeds  via  a  Ca^*-calmodulin-dependent  pathway.  In 
addition,  we  found  that  SM-induced  apoptosis  was  also  mediated  by  a  FADD-dependent  pathway  which 
induces  caspase  activation.  The  involvement  of  such  varied  molecules  as  Ca^*,  calmodulin,  and  FADD 
suggests  a  complex  network  involved  in  SM-induced  differentiation  and  ^ptosis.  However,  in  our 
progress  to  date,  we  have  found  that  blocking  any  one  of  these  upstream  signals  can  inhibit  terminal 
ditterentiation  or  apoptosis,  mdicating  that  these  molecular  pathways  are  potential  targets  for  therapeutic 
intervention.  We  will  continue  to  modulate  the  expression  and  activation  of  calmoduUn  and  FADD,  and 
thus  toe  differentiation  and  apoptotic  patow^  in  cultured  keratinocytes  and  grafted  epidermis  to  alter  SM 
toxicity.  In  addition,  we  will  establish  lines  of  transgenic  mice  that  express  antisense  to  CAM  or  a 
dommant-negative  inhibitor  of  toe  FADD  pathway  in  order  to  further  study  their  roles  in  SM  vesication  in 

intact  animak 
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1 .  OVERVIEW 

SM  is  a  highly  reactive  compound  that  induces  the  death  and  detachment  of  the  basal  cells  of  the 
epidermis  from  the  basal  lamina  (Gross  et  al.,  1988;  Meier  et  al.,  1984;  Papirmeister  et  al.,  1991;  Petrali  et  al., 
1990;  Smith  et  al.,  1990;  Smith  et  al.,  1991;  Smulson,  1990).  During  the  first  year,  in  collaboration  with  Drs. 
William  Smith  and  Radharaman  Ray  at  USAMRICD,  I  examined  whether  markers  of  differentiation  and 
apoptosis  are  induced  or  altered  by  SM.  I  found  that  SM  in  fact  induced  both  the  terminal  differentiation 
response  as  well  as  an  apoptotic  response  in  keratinocytes  (Rosenthal  et  al.,  1998;  Stoppler  et  al.,  1998). 
Utilizing  both  chemical  inhibitors  and  antisense  oligonucleotides,  we  further  determined  that  Ca^"^  and  calmodulin 
are  important  to  both  responses,  and  that  these  two  related  processes  may  in  part  play  a  role  in  SM  toxicity. 
During  the  second  year  we  have  made  a  number  of  significant  advances  towards  die  understanding  of  the 
mechanisms  involved  in  the  response  to  SM.  First,  we  characterized  the  molecular  ordering  of  events 
responsible  for  SM-induced  apoptosis.  Second,  we  found  a  Fas/TNF  receptor  pathway  for  SM-induced 
apoptosis,  and  directly  tested  tins  pathway  by  using  a  dominant-negative  inhibitor  of  FADD.  Third,  we  have 
continued  to  generate  calmodulin  antisense  constructs  and  have  packaged  these  constructs  into  retroviral  vectors 
and  used  them  to  infect  primary  and  immortalized  cells.  Finally,  we  have  performed  grafting  experiments 
utilizing  these  calmodulin  and  FADD  constructs  to  examine  the  role  of  these  proteins  in  the  vesication  response  to 
SM. 

2 .  SULFUR  MUSTARD  INDUCES  MARKERS  OF  TERMINAL  DIFFERENTIATION  AND 

APOPTOSIS  IN  KERATINOCYTES  VIA  A  Ca'^-CALMODULIN  AND  FAS/TNF- 

DEPENDENT  PATHWAY:  Further  study  of  the  apoptotic  pathway. 

2.1  Introduction 

In  the  first  year  we  focused  primarily  on  caspase-3  in  the  apoptotic  response.  In  order  to  further 
understand  the  apoptotic  response,  we  have  devoted  much  of  our  effort  to  assay  for  the  activation  of  other  key 
caspases,  in  particular  the  “upstream"  caspases  8, 9,  and  10,  and  the  “executioner”  caspases  3,  6,  and  7  (Figure 
1),  since  a  number  of  studies  for  the  past  several  years  have  shown  that  the  central  signaling  proteins  for  many  of 
the  pathways  that  coordinate  apoptosis  are  members  of  this  family  of  cysteine  proteases  (named  for  their 
preference  for  aspartate  at  their  substrate  cleavage  site  (Alnemri  et  al.,  1996).  Caspases  cleave  key  proteins 
involved  in  the  structure  and  integrity  of  the  cell. 

Accordingly,  during  the  past  year,  I  have  focused  on  the  roles  of  Ca^"^  /calmodulin  in  the  modulation  of 
differentiation  and  apoptosis  in  epidermal  cells,  and  potentially  involved  in  vesication,  as  well  as  the  role  of  the 
Fas/TNF  receptor  pathway.  I  have  utilized  much  of  the  same  technology  that  I  have  successfully  employed  in  the 
first  year  to  answer  an  essential  question-  How  do  Ca^"^  /calmodulin  and  the  Fas/TNF  receptor  faj^y  alter  the 
apoptotic  and  differentiation  responses  in  keratinocytes,  and  can  these  pathways  be  modulated  to  alter  SM 
vesication  in  animal  models  (and  ultimately,  in  humans)? 

In  the  first  year,  we  showed  that  SM  induces  both  terminal  differentiation  and  apoptosis  in  human 
keratinocytes.  Further,  we  have  demonstrated  that  these  processes  are  Ca^"^  and  calmodulin  dependent,  and 
involve  the  activation  of  caspase-3.  These  responses  may,  in  part,  explain  the  death  and  detachment  of  basal  cells 
of  the  epidermis  that  occurs  following  exposure  to  SM.  Additionally,  utilizing  a  combination  of  techniques 
including  the  stable  expression  of  a  dominant-negative  inhibitor  of  FADD,  we  have  begun  to  shown  the  potential 
role  of  a  Fas/TNF  family  receptor  in  mediating  the  response  of  human  keratinocytes  to  SM  (Figure  I ) . 
Importantly,  our  initial  inhibition  experiments  indicate  that  the  Ca^'^-calmodulin  and  FADD  pathways  converge 
upstream  of  caspase-3  processing,  since  inhibitors  of  either  pathway  inhibit  SM-induced  apoptosis. 
Furthermore,  since  calmodulin  inhibitors  have  been  used  clinically,  and  the  FADD  pathway  can  be  manipulated  at 
the  level  of  a  cell  surface  (Fas/TNF),  receptor,  these  two  molecules  represent  attractive  targets  for  the  modulation 
of  the  effects  of  SM  in  humans.  Accordingly,  during  the  second  year,  I  focused  primarily  on  the  role  of  Ca^"^, 
calmodulin  and  FADD  in  the  (premature)  induction  of  differentiation  and  apoptosis  in  epidermal  cells  leading  to 
vesication. 


DAMD17-9— C-6065 


5 


i 

s 


FIGURE  1:  Two  related  pathways  for  SM-induced  apoptosis 
2.2  Materials  and  Methods 

(1)  Culture  of  primary  and  immortalized  human  keratinocytes,  and  exposure  to  SM. 
Cells.  Normal  human  epidermal  keratinocytes  (NHEK)  are  obtained  as  primary  culmres  from 

Clonetics  (San  Diego,  CA)  and  maintained  in  semm-free  Keratinocyte  Growth  Medium  (KGM).  Nco.  are  a  kind 
gift  from  R.  Schlegel,  and  are  derived  from  NHEK  immortalized  with  the  Nco  I  fragment  of  HPV  18  containing 
the  coding  regions  for  E6  and  E7  (Schlegel  et  al.,  1988).  Ncols  are  grown  in  KGM  +  DMEM  (3:1)  medium 
containing  2.5%  PCS.  Cells  are  grown  to  80%  confluency  and  split  1:5.  NHEKs  or  Ncols  are  grown  in  75  cm^ 
tissue  culture  flasks  to  60-80%  confluency,  then  exposed  to  HD  diluted  in  KGM  to  final  concentrations  of  10, 
100,  200,  or  300  pM.  Media  is  not  changed  for  the  duration  of  the  experiments 

Chemicals.  SM  (bis-(2-chloroethyl)  sulfide;  >98%  purity)  is  obtained  from  the  US  Army 
Edgewood  Research,  Development  and  Engineering  Center. 

(2)  Measurement  of  proteolytic  activation  of  caspase-2,  -3,  -6,  -7,  -8,  -9,  and  -10. 
Since  one  of  the  primary  goals  is  to  determine  the  molecular  ordering  of  events  leading  to  SM-induced 

apoptosis,  we  have  employed  two  different  assays  for  the  analysis  of  the  time  of  onset  of  activation  of  each  of  the 
caspases.  We  have  extensive  experience  utilizing  Western  analysis  to  detect  the  activation  of  several  caspases. 
We  have  tested  a  number  of  antibodies  from  commercial  and  collaborative  sources  for  their  sensitivities  and 
specificities  using  cells  treated  with  known  apoptosis-inducing  agents,  such  as  anti-Fas  antibody,  as  controls. 
We  presently  have  excellent  antibodies  specific  for  all  relevant  caspases  (see  antibody  Table).  In  addition,  we 
have  antisera  that  detect  the  substrate  cleavage  products  for  caspases  3  and  7  (several  different  PARP  antisera:  Dr. 
Smulson  has  a  complimentary  grant  from  the  Army  that  focuses  on  the  role  of  PARP),  as  well  as  for  lamin  B 1,  a 
substrate  of  caspase-6.  Thus,  by  performing  time-course  experiments,  as  well  as  inhibitor  studies  outlined,  we 
will  be  able  to  determine  the  sequence  of  events,  as  well  as  the  regulatory  molecules  (such  as  Bcl-2),  involved  in 
SM-induced  apoptosis. 
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a.  Fluorogenic  caspase  enzyme  assays.  In  addition  to  Western  analysis  to  detect 
caspase  activation,  we  have  been  employing  fluorogenic  enzyme  cleavage  assays  utilizing  different  substrates  to 
assay  for  specific  caspases.  The  substrates  that  are  utilized  are  as  follows: 


Caspase 

2 


3,7 

6 

8 

4.5.9 


Specificity 

ZVDVAD-AFC 

AcDEVD-AMC 

AcVEID-AMC 

AcIETD-AFC 

AcT.RHD-AFC 


Source 

Kamiya  (Frankfurt,  Germany) 

Bachem  (Bubendorf,  Switzerland) 
California  Peptide  Research  (Napa,  CA) 
Kamiya  (see  above) 

Kamiva  (see  above) 


These  assays  are  rapid,  sensitive,  and  also  verify  the  results  of  Western  analysis: 


Enzyme  reactions  are  performed  in  96-well  plates  and  contained  20  pg  of  cytosolic  proteins,  in  100  |j1  of  Buffer 
A,  diluted  with  100  pi  of  fresh  Buffer  A  containing  40  pM  acetyl-Asp-Glu-Val-Asp-aminomethylcoumarin 
(DEVD-AMC),  or  other  substrates  (see  Table  above).  Fluorescent  aminomethyl  coumarin  AMC  product 
formation  is  measured  at  excitation  360  run,  emission  460  nm  wavelengths  using  a  Cytofluor  n  fluorometer  plate 
reader  (PerSeptive  Biosystems,  Framingham,  MA).  Serial  dilutions  of  AMC  (Aldrich,  Milwaukee,  WI)  are  used 
as  standards. 

b .  Immunoblot  analysis.  SDS-polyacrylamide  gel  electrophoresis  and  protein  transfer  to 
nitrocellulose  membranes  are  performed  according  to  standard  procedures.  Membranes  are  stained  with  Ponceau 
S  (0.1%)  to  confirm  equal  loading  and  transfer.  After  blocking  of  nonspecific  sites,  the  blots  are  incubated  with 
monoclonal  or  polyclonal  antibodies  (above)  and  then  detected  with  appropriate  peroxidase-labeled  secondary 
antibodies  (1:3000  dilution)  and  enhanced  chemiluminescence  (ECL,  Amersham).  Immunoblots  are  sequentially 
stripped  by  incubation  for  30  min  at  50  °C  with  a  solution  containing  100  mM  2-mercaptoethanol,  2%  SDS,  and 
62.5  mM  Tris-HCl  (pH  6.7),  blocked  again,  and  reprobed  with  additional  antibodies  to  accurately  compare 
different  proteins  from  the  same  filter. 

c.  Antibodies.  AH  antibodies  indicated  below  have  already  been  tested  and  used 
successfully  in  our  laboratory. 


Antibody  IkDal 


type  tclonel 


Source 


Dilution  (cone.! 


Calmodulin  (17) 

K1  (67) 

K1;K10(67;59) 
K14  (50) 

Involucrin  (68) 
Fibronectin  (220;  94) 
Fas (48) 

Fas  ligand 
FADD  (24) 

AUl 

Caspase-3  (32;  17) 


monoclonal  (6D4) 
polyclonal 
monoclonal  (8.60) 
monoclonal 
monoclonal  (SY5) 
polyclonal 
monoclonal 
polyclonal 
monoclonal  (1) 


Sigma  (St.  Louis,  MO) 

Babco  (Richmond,  CA) 

Sigma  (see  above) 

Sigma  (see  above) 

Sigma  (see  above) 

Sigma  (see  above) 

Transduction  Labs  (Lexington,  KY) 
Santa  Cruz  Biotech(Santa  Cruz,  CA) 
Transduction  Labs  (see  above) 
monoclonal  (AUl)  Babco  (see  above) 
polyclonal  Dr.  D.  Nicholson(Merck  Labs,  Can) 

Caspase-3  (propeptide)  polyclonal  Transduction  Labs  (see  above) 

Caspase-6  (34;  11)  monoclonal(B93-4)PharMingen  (San  Diego,  CA) 

monoclonal  PhaMingen  (see  above) 

polyclonal  Dr.  E.  Gelmann(Georgetown  Univ.) 

polyclonal  Dr.  E.  Gelmann  (see  above) 

monoclonal  PharMingen  (see  above) 

monoclonal  PharMingen  (see  above) 

polyclonal  PharMingen  (see  above) 

monoclonal  (c210)  BioMol  (Plymouth  Meeting,  PA) 
polyclonal  Dr.  1.  Hussein  (Res.  Triangle,  NC) 

polyclonal  Dr.  M.  Smulson;D.  Rosenthal  (GU) 

monoclonal  Calbiochem  (La  Jolla,  CA) 

monoclonal  Calbiochem  (see  above) 

polyclonal  PharMingen  (see  above) 

monoclonal(ab421)  Calbiochem  (see  above) 
monoclonal  (4D-7)  Biomol  (see  above) 


Caspase-7  (35;  17) 
Caspase-7  (17) 
Caspase-8  (20) 
Caspase-8  (55) 
Caspase-9 
Caspase  10  (55) 
PARP(116,  89) 
PARPDBD(24) 

PAR 

LaminBl 

Rb(llO) 

DFF45  (45;  30) 
p53  (53) 

Bcl-2  (25) 
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1:1000 

1:50 

1:100  (1  pg/ml) 

1:200 

1:200 

1:500 

1:250(1  pg/ml) 
1:400  (0.5  pg/ml) 
1:250 

1:1000(1  pg/ml) 

1:5000 

1:500 

1:250  (2  pg/ml) 
1:500(1  pg/ml) 
1:1000 
1:1000 

1:100(1  pg/ml) 
1:400 

1:500  (1  pg/ml) 
1:5000 
1:400 
1:500 

1:100  (1  pg/ml) 
1:100(1  pg/ml) 
1:1000 

1:200  (0.5  pg/ml) 
1:200(1  pg/ml) 


Bc1-Xl  polyclonal  Calbiochem  (see  above)  1:40  (2.5  pg/ml) 

Bax  (21)  polyclonal  Calbiochem  (see  above)  l:50(2|ig/ml) 

Apop.  endonuclease  polyclonal  Dr.  Yoshihara(Nara  Med.  U,  Japan)  1:1000 

(3)  Hoechst  and  propidium  iodide  staining  for  apoptotic  morphology:  Observation  of 
changes  in  nuclear  morphology  (development  of  apoptotic  nuclear  morphology:  chromatin  condensation,  nuclear 
fragmentation).  Keratinocytes  are  isolated  by  exposure  to  trypsin  followed  by  resuspension  in  serum-containing 
media.  The  cells  are  centrifuged  (800g  for  5  min),  washed  with  PBS,  and  fixed  in  10%  formalin  for  10  min  at 
4®C.  After  washing  twice  with  phosphate-buffered  saline  (PBS),  the  cells  are  stained  either  with  Hoechst  33258 

(24  |i.g/ml)  in  PBS  containing  80%  (v/v)  glycerol,  or  with  propidium  iodide  (according  to  manufacturers 
specifications)  in  PBS.  An  aliquot  (25  pi)  of  the  ceU  suspension  is  then  dropped  onto  a  slide,  and  nuclear 
morphology  is  observed  with  an  Olympus  BH2  fluorescence  microscope. 

(4)  DNA  extraction  for  detection  of  apoptotic  internucleosomal  DNA 
fragmentation.  Cells  are  washed  in  PBS  and  lysed  in  7  M  guanidine  hydrochloride,  and  total  genomic  DNA  is 
extracted  and  purified  using  a  Wizard  Miniprep  DNA  Purification  Resin  (Promega).  After  RNase  A  treatment  (20 
pg/ml)  of  the  DNA  samples  for  30  min,  apoptotic  internucleosomal  DNA  fragmentation  is  detected  by  gel 
electrophoresis  on  a  1%  agarose  gel  and  ethidium  bromide  staining  (0.5  pg/ml).  Using  this  protocol  we  have 
repeatedly  detected  DNA  ladders  in  keratinocytes  treated  with  SM. 

(5)  Annexin  V-binding  and  FACS  analysis. 

Methods  to  monitor  apoptosis-related  cell  surface  changes  Annexin-V  and  propidium  iodide  staining. 
Keratinocytes  are  harvested  by  exposure  to  trypsin  and  centrifugation,  washed  with  ice-cold  PBS,  and  stained  for 
15  min  in  the  dark  at  room  temperature  with  propidium  iodide  and  fluorescein  isothiocyanate-labeled  annexin-V 
(both,  according  to  the  manufacturer’s  specifications)  (Trevigen)  in  a  solution  containing  lOX  binding  buffer  and 
water.  The  cells  are  then  examined  with  a  fluorescence  microscope,  or  subjected  to  FACS  analysis,  utilizing  a 
FACStar  flow  cytometer. 

(6)  LDH  assays.  Levels  of  cell  toxicity  are  assessed  by  measuring  the  release  of  the  cytosolic 
enzyme  lactate  dehydrogenase  into  the  medium  with  the  use  of  a  Cytotox  96  kit  (Promega). 

2.3  Results 

We  first  analyzed  changes  in  the  expression  of  apoptotic  markers  following  exposure  of  primary 
keratinocytes  to  SM.  Consistent  with  our  previous  results,  we  observed  a  strong  activation  of  caspase-3  activity 
(detected  by  the  PARP-cleavage  assay,  the  fluorogenic  assay,  and  immunoblot  analysis  as  described  in  Materials 
and  Methods.  In  addition  to  the  activation  of  caspase-3,  we  tested  whether  other  caspases  within  the  cascade 
were  similarly  activated.  We  found  that  there  was  an  early  activation  of  caspase-8  and  a  later  activation  of 
caspases-  3,  6,  and  7.  Since  this  is  similar  to  the  pattern  of  caspase  activation  following  stimulation  of  the  Fas 
receptor  with  either  Fas  ligand  or  with  agonist  antibody,  we  reasoned  that  SM  may  in  fact  induce  apoptosis  via 
the  Fas  pathway,  or  a  related  receptor  within  the  Fas/TNF  receptor  family.  First,  we  subjected  primary 
keratinocytes  to  treatment  with  an  anti-Fas  agonist  antibody  to  induce  “pure”  apoptosis,  and  compared  the 
response  to  that  of  keratinocytes  that  were  treated  with  SM.  The  response  of  the  keratinocytes  to  each  of  these 
agents  was  remarkably  similar  with  respect  to  the  time  course  and  the  order  of  activation  of  different  caspases 
(see  figure  below). 
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Changes  in  endogenous  levels  of  apoptosis-mediating  receptors  Fas  and  Fas-ligand 
(Fas-L),  as  well  as  caspases  and  “death  domain”  signaling  intermediates  (FADD)  during  SM- 
induced  apoptosis. 
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Recent  evidence  has  suggested  that  certain  agents,  in  particular  anticancer  drugs,  induce  apoptosis  by  up- 
regulating  the  levels  of  Fas  receptor.  Fas  ligand,  or  both,  and  experiments  have  shown  that  over-expression  of 
eiSier  of  these  proteins  can  induce  apoptosis.  In  addition,  it  has  been  shown  that  Fas  transcription  can  be  up- 
regulated  by  p53,  which  we  have  shown  is  rapidly  induced  in  keratinocytes  following  treatment  with  SM.  Thus, 
we  examined  the  levels  of  Fas  and  Fas-ligand  following  treatment  of  primary  keratinocytes  with  SM  utilHzing 
immunoblot  analysis  employing  the  antibodies  and  techniques  described  above.  The  Hgure  above  shows  that 
both  Fas  and  Fas  ligand  are  induced  in  primary  keratinocytes  following  exposure  to  SM. 


Immunoblot  and  pulse  labeling/immunoprecipitation  analysis  of  newlv  discovered 
caspase-mediated  cleavage  of  epidermal  keratins  during  SM-induced  differentiation  and 
apoptosis. 

In  order  to  study  the  differentiation  response  to  SM,  we  originally  focused  on  the  suprabasal-specific 
keratins,  K1  and  KIO,  which  are  tightly  regulated  at  the  level  of  transcription  in  keratinocytes  both  in  vitro  and  in 
vivo.  However,  many  changes  may  occur  at  the  post-translational  level,  including  a  putative 
caspase-mediated  breakdown  of  keratin  K1  that  occurs  during  apoptosis.  Thus,  we  continued  to 
employ  Western  analysis,  as  well  as  immunofluorescent  analysis  to  examine  the  changes  in  these  gene  products 
in  the  second  year. 
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To  determine  if  SM  alters  keratin  expression,  we  performed  a  time  course,  followed  by  Western  analysis 
using  a  monoclonal  antibody  specific  for  the  suprabasal  keratins  K1  and  KIO,  which  are  the  major  proteins 
expressed  in  keratinocytes  in  response  to  differentiating  agents.  Both  K1  and  KIO  were  weakly  induced  by  10 
pM  SM,  and  strongly  induced  in  the  presence  of  100  pM  SM,  between  8  and  24  h  following  treatment.  "S^en 
we  recently  used  a  different  polyclonal  antibody  directed  against  the  C-terminus  of  Kl,  and  treated  cells  with 
higher  concentrations  of  SM,  we  discovered  an  apparent  cleavage  product  of  Kl.  The  size  of  this  product  maps 
near  a  perfect  consensus  sequence  for  a  site  of  cleavage  by  caspase-6  (see  figure  above).  Moreover,  point 
mutations  near  this  region  of  Kl  give  rise  to  a  genetic  blistering  disorder,  epidermolytic  hyperkeratosis 
(McLean  et  al.,  1994).  Thus,  it  is  of  interest  to  determine  if  Kl  can  be  cleaved  by  caspase-6  following  treatment 
with  SM.  We  are  performing  the  same  experiments  in  the  presence  of  the  caspase-6  inhibitor,  VEID-CHO. 
Inhibition  of  the  cleavage  product  in  the  presence  of  the  inhibitor  would  strongly  suggest  that  Kl  is  in  fact  the 
substrate  for  caspase-6,  and  that  Kl  is  a  target  during  keratinocyte  apoptosis.  In  order  to  determine  if  the  smaller 
molecular  weight  fragment  arises  from  Kl  cleavage,  a  pulse-labeling  experiment  will  be  performed: 

Examination  of  changes  in  members  of  the  anti-apoptotic  Bcl-2  family  to  examine  their 

role  in  Ca^*  /calmodulin  mediated  pathways. 

Bcl-2  is  an  anti-apoptotic  protein  located  on  the  nuclear  membrane,  ER,  and  outer  mitochondrial 
membrane.  Several  Bcl-2-related  proteins  have  been  described,  including  Bc1-Xl,  and  Bcl-w,  both  of  which  are 
anti-apoptotic.  In  addition,  some  Bcl-2-related  proteins  are  anti-apoptotic,  including  Bax,  Bak,  and  Bad.  In 
numerous  recent  studies,  Bad  has  been  implicated  as  a  key  player  in  programmed  ceU  death  (Datta  et  al.,  1997; 
del  Peso  et  al.,  1997;  Hsu  et  al.,  1997;  Scheid  and  Duronio,  1998;  Yang  et  al.,  1995;  Zha  et  al.,  1997;  Zundel 
and  Giaccia,  1998)  and  the  Ca^"^  /calmodulin-regulated  protein,  calcineurin,  has  been  shown  to  interact  with  the 
Bcl-2  family  members  (Shibasaki  et  al.,  1997),  and  to  dephosphorylate  Bad  (Wang  et  al.,  1997).  This 
dephosphorylated  form  of  Bad  can  interact  with  Bcl-2  or  Bc1-Xl  induce  apoptosis  (Zha  et  al.,  1997). 

NHEKs  were  treated  with  100  |jM  SM  for  24  h,  and  then  subjected  to  Western  analysis,  using  a  Bcl-2-specific 
antibody.  The  figure  below  shows  the  significant  decrease  in  the  expression  of  Bcl-2  protein  levels  following 
SM  treatment.  p53  has  been  shown  to  antagonize  this  activity  of  Bcl-2,  perhaps  via  the  induction  of  Bax,  since 
p53  has  been  shown  to  induce  box  gene  transcription  via  p53  response  elements  within  the  box  promoter 
(Miyashita  et  al.,  1995).  Moreover,  p53  levels  rapidly  rise  following  SM  treatment. 

We  are  therefore  examining  the  expression  and  phosphorylation  of  Bcl-2,  Bc1-Xl,  Bad  and  Bax 
following  SM  treatment,  initially  by  Western  analysis  (for  immunoblotting  methods,  please  refer  to  section  2 . 2 
above).  Any  alterations  in  these  proteins  (as  seen  in  the  Bcl-2  protein,  below)  will  also  be  further  examined  at  the 
transcriptional  level  by  PCR  to  see  if  they  are  a  primary  event  in  the  repression/derepression  of  apoptosis.  Since 
these  proteins  regulate  mitochondrial  function  and  stability,  they  may  be  important  with  regards  to  both 
apoptotic  and  necrotic  responses  to  SM. 

2.4  Discussion  and  Future  Course 

We  have  demonstrated  a  molecular  ordering  of  the  pathway  that  is  similar  to  that  mediated  by  Fas  and  is 
also  calmodulin-dependent.  We  have  previously  used  a  similar  strategy  to  determine  the  role  of  sphingolipids  in 
apoptosis  (Cuvillier  et  al.,  1998),  and  determined  that  ceramide  and  sphingosine-1 -phosphate  act  downstream  of 
caspase-8  but  upstream  of  caspase-3.  In  contrast,  SM  appears  to  induce  apoptosis  upstream  of  caspase-8. 

Future  course  for  keratin  Kl  cleavage 

An  interesting  an  unexpected  finding  was  the  discovery  of  the  potential  cleavage  of  keratin  Kl  by 
caspases,  following  treatment  of  keratinocytes  with  SM.  Thus  there  are  convergent  pathways  for  apoptosis  and 
terminal  differentiation  in  keratinocytes. 

Pulse-labeling.  Transfected  cells  are  cultured  in  cvsteine-  and  methionine-free  DMEM  for  12  h  and 
then  switched  to  the  same  medium  containing  0.2  mCi/ml  "S-methionine  plus  ^^S-cysteine  ("EXPRE^^S^^S" 
system.  New  England  Nuclear)  for  1  h  as  described  previously  (Rosenthal  et  al.,  1994).  Cells  are  then  be 
switched  to  normal  medium  with  cold  methionine  (15  mg/ml)  and  cysteine  (pulse-chase)  for  12  h,  and  then 
treated  with  SM  for  different  amounts  of  time. 

Immunoprecipitation  will  be  performed  with  the  polyclonal  antibody  to  Kl  (AF87;  Babco),  according 
to  procedures  I  have  published  previously  (Rosenthal  et  al.,  1994).  Briefly,  equal  amounts  of  cell  extracts  (10 
|ig)  are  precleared  overnight  at  4°C  with  200  pi  of  EBC  buffer  [50  mM  Tris-HCl  (pH  8.0),  120  mM  NaCl,  0.5% 
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NP-40,  and  aprotinin  (0.1  TIU/ml)]  and  10  pi  of  protein  A-Sepharose  beads  (Pharmacia).  After  centrifugation, 
the  supernatants  were  then  incubated  for  1  h  with  0.5  ml  of  NET-N  buffer  [20  mM  Tris-HCl  (pH  8.0),  100  mM 
NaCl,  1  mM  EDTA,  and  0.5%  NP-40]  containing  the  anti-Kl  pAb  (2  pg/ml).  The  samples  were  then  incubated 
for  an  additional  20  min  with  20  pi  of  a  1:1  suspension  of  protein  A-Sepharose  beads  in  Tris-buffered  saline 
containing  10%  bovine  serum  albumin.  The  beads  are  washed  five  times  with  NET-N  buffer,  and  the  proteins 
bound  to  the  beads  were  then  separated  by  SDS-PAGE.  gels,  dried,  and  subject  to  fluorography.  If  label  appears 
initially  in  the  67  kDa  K1  band,  and  then  appears  in  the  smaller  molecular  weight  band  over  time,  this  indicates 
that  the  cleavage  product  arises  from  proteolysis  of  Kl.  Inhibition  by  VEID-CHO  will  indicate  that  this  occurs  at 
the  VEID  caspase-6  recognition  site. 


3  CHARACTERIZATION  OF  CHANGES  IN  CALMODULIN  AND  FAS/TNF-RELATED 
PROTEINS  DURING  SM-INDUCED  APOPTOSIS,  AND  DETERMINATION  OF 
THEIR  IMPORTANCE  AS  POTENTIAL  MODULATORS  OF  SM  TOXICITY 

3 . 1  Introduction 

Recently,  some  compounds  have  been  found  to  exert  their  influence  via  the  TNF  and  Fas  receptors,  and 
some  agents  that  induce  apoptosis  have  been  found  to  elevate  the  levels  of  the  ligands  for  TNF  or  Fas  or  their 
receptors.  We  have  obtained  preliminary  evidence  that  SM  up-regulates  both  Fas  and  Fas  L  in  primary  human 
epidermal  keratinocytes.  In  a  previous  study,  it  was  determined  tiiat  ultraviolet  radiation,  an  agent  that  induces 
apoptosis  in  keratinocytes,  up-regulates  the  levels  of  TNF  a,  and  that  partial  protection  of  keratinocytes  can  be 
obtained  by  incubating  cultures  of  keratinocytes  with  antibody  that  neutralizes  TNF  (Schwarz  et  al.,  1995). 
Furthermore,  another  study  showed  that  approximately  5%  of  keratinocytes  express  the  Fas  receptor,  and  are 
susceptible  to  Fas-mediated  apoptosis.  Following  treatment  with  interferon-gamma,  32%  of  the  keratinocytes 
express  Fas  receptor  and  this  corresponds  with  the  fraction  of  cells  susceptible  to  Fas-mediated  apoptosis 
(Takahashi  et  al.,  1995).  When  we  examined  the  expression  of  Fas  receptor  in  primary  keratinocytes  by  Western 
analysis,  the  levels  were  negligible,  consistent  with  previous  results.  However,  following  treatment  with  SM, 
there  was  an  up-regulation  in  die  levels  of  both  Fas  receptor  and  Fas  ligand.  We  also  have  seen  activation  of 
markers  of  apoptosis  that  are  consistent  with  a  Fas  ligand-receptor,  including  caspase-8,  caspase-3,  and  PARP 
cleavage  (see  Figure  above).  Thus,  we  are  using  antibodies  specific  to  Fas  and  TNF  receptors  to  both 
establish  the  role  of  the  receptors  in  SM  vesication  as  well  as  to  block  its  apoptotic  effects. 

3.2  Materials  and  Methods 

(1)  Development  of  plasmids  capable  of  introducing  FADD-DN  into  primary  and 
immortalized  keratinocytes  for  grafting:  Cloning,  transfection,  and  viral  infection  protocols. 
Our  inmiunoblot  analysis  showed  that  Fas  and  Fas  L  are  up-regulated  following  SM  treatment  (above).  We  thus 
obtained  cDNA  for  FADD-DN  (Vishva  Dixit;  Genentech)  ligated  into  the  PCDNA3  vector  (Invitrogen).  Since 
this  vector  contains  a  strong  promoter  (HCMV),  we  used  it  to  express  FADD-DN  in  Ncol  cells,  which  form  a 
normal  epidermis  in  the  graft  system.  This  construct  was  then  transfected  into  Nco  I  cells  by  lipofection 
(Upofectamine  plus;  Life  Technologies),  and  we  obtained  20  G418-resistant  colonies.  The  individual  colonies,  as 
well  as  pooled  colonies  were  screened  by  Western  analysis  for  the  expression  of  FADD-DN,  and  three  clones 
appear  to  synthesize  greater  quantities  of  the  FADD-DN  protein  than  endogenous  FADD  itself  (see  figure 
below). 

Co-immunoprecipitation  of  FADD  and  Fas/TNFR.  The  conceptual  framework  for  the 
coimmunoprecipitation  involves  exploiting  the  importance  of  the  recruitment  of  FADD  to  the  cell  surface  complex 
in  order, to  initiate  signaling.  Since  the  FADD  protein  is  common  to  three  different  families  of  apoptosis-signaling 
receptors  and  ligands,  we  are  performing  immunoprecipitation  with  FADD  and  then  look  for  wWch  receptor  is 
co-immunoprecipitated.  Thus,  in  order  to  establish  the  importance  of  the  up-regulation  of  these  receptors,  we  will 
immunoprecipitate  FADD  protein  and  then  perform  Western  analysis  utilizing  anti-Fas,  TRNFR,  or  DR3 
antibodies.  Equal  amounts  of  cell  extracts  (10  pg)  are  pre-cleared  overnight  at  4°C  with  200  pi  of  EEC  buffer 
[50  mM  Tris-HCl  (pH  8.0),  120  mM  NaCl,  0.5%  NP-40,  and  aprotinin  (0.1  TIU/ml)]  and  10  pi  of  protein  A- 
Sepharose  beads  (Pharmacia).  After  centrifugation,  the  supernatants  are  then  incubated  for  1  h  with  0.5  ml  of 
NET-N  buffer  [20  mM  Tris-HCl  (pH  8.0),  100  mM  NaCl,  1  mM  EDTA,  and  0.5%  NP-40]  containing  the  anti- 
FADD  Ab  (2  pg/ml).  The  samples  are  then  incubated  for  an  additional  20  min  with  20  pi  of  a  1: 1  suspension  of 
protein  A-Sepharose  beads  in  Tris-buffered  saline  containing  10%  bovine  serum  albumin.  The  beads  are  washed 
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five  times  with  NET-N  buffer,  and  the  proteins  bound  to  the  beads  were  then  separated  by  SDS-PAGE, 
transferred  to  nitrocellulose,  and  subjected  to  immunoblot  analysis  with  the  Ab  to  Fas  or  TNFR.  As  a  positive 
control,  we  will  use  keratinocytes  stimulated  with  Fas  or  TNF,  where  a  complex  is  formed  between  FADD  and 
either  the  Fas  or  TNF  receptors  respectively  (see  first  figure). 

In  addition,  members  of  the  Fas/TNF  family  and  their  receptors  may  be  induced  at  the  level  of 
transcription  following  stimulation  by  apoptosis-inducing  agents,  such  as  doxorubicin  (Friesen  et  al.,  1996;  Herr 
et  al.,  1997),  and  p53  has  been  shown  to  play  a  role  in  the  up-regulation  of  Fas  receptor  (Owen- 
Schaub  et  al.,  1995).  Importantly,  we  have  shown  that  p53  is  also  rapidly  upregulated  in 
keratinocytes  following  SM  treatment,  and  that  p53  may  play  a  role  in  SM-induced  apoptosis 
(Stbppler  et  al.,  1998).  Thus  we  will  examine  the  expression  of  Fas/TNF  and  their  receptors  following  SM 
exposure,  using  RT-PCR  as  described  above. 


3.3  Results. 

Effects  of  modulating  the  Fas-activated  ‘‘death  domain’’  (FADD)  necessary  for  the 
transduction  of  the  apoptotic  signal  by  utilizing  a  dominant-negative  approach  (FADD- 
DN)  and  by  neutralizing  antibodies  directed  against  Fas/TNF  ligands  and  receptors. 

As  discussed  in  the  Introduction,  many  forms  of  apoptosis  are  mediated  via  the  Fas/TNF  receptor  family. 
Upon  trimeraization  of  the  receptors,  FADD  is  recruited  to  the  complex  via  its  N-terminal  death  domain.  FADD 
has  no  intrinsic  catalytic  activity  on  its  own.  Its  main  function  appears  to  be  as  an  adaptor  molecule  that  recraits 
upstream  caspases  (esp.  caspase-8)  to  the  complex  via  the  death  effector  domain  (DED;  see  figure  above).  We 
have  utilized  a  construct  that  expresses  a  dominant-negative  FADD  that  is  missing  the  DED.  Thus  the  DN  FADD 
competes  for  the  endogenous  binding  site  on  the  receptor  but  cannot  transmit  the  necessary  signals  downstream 
to  caspase-8,  and  apoptosis  that  is  mediated  via  the  Fas/TNF  receptor  family  is  blocked  (see  figure  below). 
This  system  is  a  powerful  tool  to  test  the  mechanism  by  which  SM  induces  apoptosis. 
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Our  results  utilizing  this  protein  are  very  promising.  We  stably  transfected  Ncol  cells  with  the  FADD-DN 
in  pcDNA3,  which  contains  the  strong  HCMV  promoter  (obtained  from  V.  Dixit,  Genentech).  The  first  figure 
shows  that  FADD-DN  is  expressed  in  high  levels  in  Ncol  keratinocytes.  The  construct  also  contains  the  amino 
acids  for  the  epitope  AUl  which  allows  the  protein  to  be  tracked.  We  then  examined  the  response  of  the  FADD- 
DN  Ncol  cells  to  respond  to  either  Fas  or  to  SM.  The  figure  below  shows  that  both  Fas-  and  SM-mediated 
apoptosis  are  inhibited,  as  measured  by  caspase-3  activation,  lamin  B1  cleavage,  and  DNA  laddering. 
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3.4  Discussion 


Since  FADD-DN  experiments  appear  to  block  markers  of  SM-induced  apoptosis  ,  further  inhibition 
experiments  are  being  performed  utilizing  neutralizing  antibodies  for  Fas/TNF  family  and  their  receptors.  Several 
commercial  antibodies  are  available  for  this  purpose.  A  useful  antibody  in  this  regard  is  the  anti-human  Fas 
antibody  clone  ZB4  available  from  Upstate  Biotechnology.  This  more  applied  approach  will  form  the  basis  of 
studies  that  will  attempt  to  inhibit  in  vivo  SM-induced  apoptosis  as  outlinedbelow. 
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4  MODULATION  OF  PRO-APOPTOTIC  PROTEINS  IN  SM-EXPOSED  GRAFTED  AND 
TRANSGENIC  ANIMALS  TO  CORRELATE  RELATIONSHIP  BETWEEN 
DIFFERENTIATION,  APOPTOSIS,  AND  VESICATION,  IN  ORDER  TO  ESTABLISH 
POTENTIAL  THERAPEUTIC  STRATEGIES. 

4 . 1  Introduction 

The  model  system  described  above  has  been  designed  to  test  the  effects  of  inhibitors  of  calmodulin  and 
Fas/TNF  receptor  family  on  differentiation  and  apoptosis  in  cultured  human  epidermal  keratinocytes.  We  are 
now  utilizing  gene-specific  inhibitors  of  calmodulin  and  FADD  in  the  grafted  epidermis,  as  well  as  in  transgenic 
animals.  Besides  establishing  the  roles  of  calmodulin  and  FADD,  there  exists  the  possibility  that  similar 
technology  can  be  applied  to  Aerapeutic  treatment  of  SM  lesions.  Numerous  studies  have  demonstrated  that 
antisense  oligonucleotides  or  derivatives  can  be  applied  to  cultured  cells,  whereupon  they  are  taken  up  and  inhibit 
endogenous  mRNA.  Recently,  several  investigators  have  been  successful  in  utilizing  antisense  oligonucleotides 
to  specifically  lower  the  levels  of  gene  products  in  keratinocyte  culture,  and  even  in  intact  animals.  The 
advantage  of  such  technology  applied  to  the  skin  is  that  topical  application  can  localize  treatment  (Task  9.3). 
Transgenic  mice,  obtained  by  experimental  integration  of  foreign  genetic  material  into  germ-line  DNA,  also 
provide  an  excellent  system  for  studying  gene  regulation  and  function.  These  would  include  either  transgenic 
mouse  strains  containing  antisense  to  CAM  or  expressing  FADD-DN.  In  these  studies,  newborn  animals  would 
be  used  to  test  topical  mustard-induced  microblistering  and  the  effects  of  reduced  CAM  or  Fas/TNF  signaling  on 
such  a  biological  end  point  based  on  the  observations  of  Papirmeister  and  McAdams  (McAdams,  1956).  The  use 
of  molecular  biology  to  study  SM  pathology,  in  the  context  of  the  whole  animal  genetically  manipulated  to  be 
altered  in  the  proposed  pathways  of  Ca  metabolism  and  Fas/TNF  signaling  for  SM  pathology,  offers  the 
potential  for  a  better  understanding  of  the  mechanism  of  this  damage  for  human  personnel. 

4.2  Materials  and  Methods 

Grafting  the  engineered  primary  and  immortalized  keratinocytes,  and  testing  for 
antisense  and  sense  calmodulin  expression. 

keratinocytes.  The  two  types  of  cells  to  be  utilized  in  the  grafting  experiments-  NHEK  and  Ncol  have 
been  extensively  studied.  For  the  introduction  of  DNA  in  a  plasmid,  a  human  keratinocyte  cell  line  which  could 
grow  for  long  periods  of  time  in  tissue  culture  is  required  to  perform  the  transfection  experiments.  For  these 
purposes,  we  obtained  the  human  keratinocytes  originally  generated  in  Dr.  Richard  Schlegel's  laboratory  at 
Georgetown  University  by  immortalization  of  primary  human  keratinocytes  with  the  appropriate  regions  of  the 
HPV  16,  HPV  18,  or  SV  40.  We  grafted  these  parent  keratinocyte  lines  onto  nude  mice.  Some  of  the  lines 
formed  carcinomas,  some  of  the  lines  formed  nests  of  cells  under  the  host  skin,  and  one  of  the  lines  formed  no 
skin  at  all.  Fortunately,  the  Ncol  line,  containing  the  HPV  E6  and  E7  genes  formed  a  histologically  normal  skin 
layer  when  these  cells  are  grafted  onto  nude  mice.  The  following  features  are  important  as  they  relate  to  its 
normal  histological  appearance  and  its  usefulness  for  the  experiments  outlined  for  year  3  of  the  contract;  1)  The 
grafted  and  normal  slan  shows  a  well-defined  basement  membrane  as  well  as  a  distinct  basal  ceU  layer,  and  2) 
normal  markers  of  morphological  differentiation  are  observed,  including  spinous  layers,  granular  layers,  and 
anucleate  comified  layers  (see  ffgure  page  25). 

Grafting  protocol.  Grafting  protocols  are  performed  by  the  PI  at  ROW  labs,  Gaithersburg,  MD. 
Athymic  mice  have  a  1  cm  diameter  piece  of  skin  removed  from  their  dorsal  surface.  A  pellet  of  cells  containing 
8x10®  fibroblasts  +  5  x  10®  keratinocytes  (NHEK  or  Ncol)  are  then  pipetted  on  top  of  the  muscular  layer  within 
a  silicon  dome  to  protect  the  cells  during  development.  The  dome  is  removed  after  1  week,  and  SM  exposures 
are  performed  by  Dana  Anderson,  US.(^RICD,  6-8  weeks  after  grafting. 

Assays  for  the  presence  of  calmodulin.  Using  the  same  techniques  and  a  similar  conceptual 
approach  that  was  used  for  PARP  antisense,  I  have  established  stable  lines  of  CAM— AS  keratinocytes,  and  then 
test  them  for  the  ability  to  inducibly  and  selectively  lower  levels  of  calmodulin.  Endogenous  levels  of  CAM  RNA 
protein  and  enzymatic  activity  were  measured.  As  in  the  case  of  PARP,  approximately  50  transfected 
keratinocyte  clones  were  chosen  and  analyzed  for  correct  integration  of  the  constmct  using  the  polymerase  chain 
reaction  method.  The  primers  that  we  chose  for  PCR  analysis  included  a  sequence  homologous  to  the  5'  UTR 
while  the  other  primer  are  homologous  to  the  3’  UTR  CAM  I  sequence.  In  previous  experiments  using  the  same 
cells  and  the  same  vector  to  express  antisense  to  PARP,  a  number  of  human  keratinocyte  clones  found  to  contain 
the  correct  integration  of  the  antisense  constmct  were  derived  and  chosen  for  experiments  described  below. 
PARP  activity  was  then  assayed  in  vitro  at  0  time  and  every  24  hours  thereafter.  In  control  cells,  which  were 
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transfected  with  the  MMTV  vector  alone,  there  was  a  high  level  of  polymerase  activity,  which  showed  a  slight 
decrease  by  48  hours.  In  contrast,  in  both  of  the  antisense  clones,  a  significant  drop  in  polymerase  activity  was 
observed.  By  Western  analysis,  the  amount  of  PARP  protein  is  significantly  reduced  upon  induction  of  the 
antisense  human  keratinocyte  clones,  whereas,  there  is  no  significant  change  in  polymerase  protein  levels  in 
control  cells. 

In  situ  hybridization  In  situ  hybridization  was  performed  as  we  described  previously  (Rosenthal  et 
al.,  1995).  Frozen  skin  sections  are  heated  at  50°  for  1  min,  then  allowed  to  dry  for  1  h  at  room  temperature. 
Slides  are  then  fixed  in  4%  paraformaldehyde,  and  dehydrated  in  increasing  concentrations  of  ethanol.  Cells  are 
permeabilized  by  incubation  with  5  mM  MgClj  followed  by  IM  glycine,  each  for  10  min,  then  post-fixed  in  4% 
paraformaldehyde.  Cells  are  rinsed  in  PBS,  and  dehydrated  in  ethanol.  Pre-hybridization  and  hybridization  is 
performed  with  ^^S-labeled  riboprobes  at  10’  dpm/ml  as  described  in  Methods  in  Enzymology  (Shivers  et  al., 
1986).  After  incubation  with  RNase  A  (50  pg/ml)  +  T1  (500  U/ml),  and  SSC  washes,  slides  are  immersed  in 
NTB-2  emulsion  (Kodak)  and  developed  after  1  to  3  weeks. 

Utilizing  this  technique,  we  can  detect  the  levels  of  both  endogenous  sense  and  antisense  calmodulin  in  the 
graft.  Taken  together,  these  data  provide  the  basis  for  work  that  utilize  antisense  constmcts  to  reduce  the  levels 
of  CAM  and  CAM-related  proteins,  and  correspondingly  lower  their  activity  in  the  human  keratinocytes  grafted  to 
mice.  I  have  already  used  the  in  situ  hybridization  technique  to  detect  PARP  antisense  RNA  expression  in  skin 
grafts  (Rosenthal  et  al.,  1995);  this  same  technique  was  employed  to  detect  CAM  antisense  RNA.  The  graft 
would  be  subsequently  treated  with  SM  (vapor  or  topically)  and  tested  for  changes  in  differentiation  and 
apoptosis-related  marker  expression,  as  well  as  reduction  of  SM  pathology. 

4.3  Results 

(1)  Reducing  levels  of  Calmodulin  in  skin  grafts 

Development  of  plasmids  and  retroviral  vectors  capable  of  introducing  CAM  I  antisense 
RNA  into  primary  and  immortalized  keratinocytes  for  grafting:  Cloning,  transfection,  and 
viral  infection  protocols.  Our  RNA  expression  studies  showed  that  calmodulin  I  is  the  main  CAM  RNA 
species  expressed  in  keratinocytes.  We  thus  derived  the  cDNA  for  CAM  I  ourselves,  utilizing  RT-PCR  of 
mRNA  derived  from  NHEK,  and  specific  primers,  as  described.  This  900  bp  CAM  I  fi-agment  was  then  ligated 
into  the  PCR3.1  vector  (Invitrogen)  in  the  sense  and  antisense  orientation.  Since  this  vector  contains  a  strong 
promoter  (HCMV),  we  used  it  to  express  CAM  I  antisense  RNA  in  Ncol  cells,  which  form  a  normal  epidermis 
in  the  graft  system.  The  antisense  construct  was  then  transfected  into  Nco  I  cells  by  lipofection  (lipofectamine 
plus;  Life  Technologies),  and  we  obtained  15  G418-resistant  colonies.  The  individual  colonies,  as  well  as 
pooled  colonies  were  screened  by  Western  analysis  for  the  expression  of  CAM  I,  and  two  clones  appear  to 
synthesize  little  or  no  endogenous  calmodulin.  These  Ncol  cells,  along  with  control  cells  transfected  with  empty 
vector  alone  are  now  being  grafted,  since  they  have  been  demonstrated  to  form  a  normal  skin  previously 
(Rosenthal  et  al.,  1995). 

The  pCRS.lCAM  I  clone  was  then  digested  to  remove  the  CAM  I  insert,  which  was  then  ligated  the 
antisense  orientation  into  the  retroviral  vector,  LXSN  (Clontech).  In  addition  to  CAM  I,  we  have  cloned  the 
other  two  human  calmodulin  cDNAs  (obtained  from  Dr.  Emmanuel  Strehler;  Mayo  clinic)  into  the  LXSN  vector; 
the  CAM  n  and  HI  constructs  are  shown  in  the  figure  below.  We  have  used  the  LXSN  vector  previously  to 
introduce  E6  and  E7  genes  into  primary  keratinocytes  (Stdppler  et  al.,  1998). 

Recently,  we  have  obtained  a  new  retrovirus  packaging  ceU  line  that  we  are  utilizing  to  derived  high-titer 
(>10Vml)  retrovirus  following  transient  transfection  (Phoenix  packaging  line;  Dr.  Gary  Nolan;  Stanford), 
eliminating  our  earlier  need  to  screen  clones  of  vims-producing  cells  (a  time-consuming  process).  Thus,  we  have 
already  derived  high-titer  viral  supernatants  from  LXSN  CAM  I  antisense  constructs,  and  have  begun  to  infect 
Nco  I  cells  in  addition  to  using  the  p3.1  vector.  Our  initial  results  indicate  a  strong  reduction  in  the  endogenous 
levels  of  calmodulin. 

As  in  our  previous  studies,  these  packaged  retrovimses  are  being  used  to  infect  NHEK  cells  and  then 
grafted  onto  nude  mice.  Although  viral  titer  is  high,  we  are  performing  a  selection  in  G418  to  ensure  that  100% 
of  the  cells  are  expressing  CAM  antisense  RNA.  We  used  the  same  conditions  as  in  our  previous  study  (Stoppler 
et  al.,  1998),  in  which  NHEK  were  infected  with  the  derivatives  of  the  amphotrophic  LXSN  retroviras 
expressing  the  various  HPV-16  open  reading  frames  (E6,  E7,  or  E6  plus  E7).  Retrovirus-infected  cells  were 
then  selected  in  G418  (1(X)  pg/ml  medium)  for  10  days. 
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(2)  Modulation  of  the  Fas-FADD  pathway  response  in  SM  exposed  keratinocytes  in 
reconstituted  skin  grafted  onto  nude  mice.  We  have  begun  to  utilize  the  graft  system  to  generate  a 
human  epidermis  containing  the  FADD-DN3  clones  (shown  above).  We  have  very  preliminary  results  utilizing  4 
animals  grafted  with  Ncol  (control),  and  4  animals  grafted  with  the  DNS  clone  of  Ncol.  These  studies  were 
performed  in  collaboration  with  Dana  Anderson  and  Dr.  Larry  Micheltree  of  USAMRICD.  Additional  animals 
are  being  grafted  to  obtain  significant  numbers  for  histology.  We  presently  have  frozen  and  fixed  sections 
derived  from  these  animals  wMch  we  are  analyzing  for  the  expression  of  FADD-DN  using  the  AUl  antibody, 
which  recognizes  the  specific  AUl  epito^  placed  on  the  FADD-DN  protein.  In  addition,  we  are  examining 
markers  of  in  vivo  apoptosis  and  differentiation  using  the  techniques  described  above.  Any  changes  observed  at 
the  protein  level  are  being  further  analyzed  utilizing  in  situ  hybridization  described  previously  (Rosenthal  et  al., 
1995). 
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(3)  Establishing  transgenic  animals  with  K1 -antisense  calmodulin,  or  Kl-FADD-DN 

a.  A  skin-specific  vector.  While  working  for  several  years  in  the  Laboratory  of  Cellular 
Carcinogenesis  and  Tumor  Promotion  at  NIH  under  Dr.  Stuart  Yuspa,  an  acknowledged  authority  on  the 
molecular  biology  of  skin,  I  was  able  to  define  DNA  regulatory  elements  that  mediate  response  of  the  keratin  1 
(Kl)  gene  (Huff  et  al.,  1993;  Rosenthal  et  al.,  1991).  Accordingly,  I  have  cloned  regions  spanning  the  5’  and  3 ' 
flanking  sequences,  coding  regions  and  introns  from  the  human  keratin  1  gene  for  die  expression  of  calmodulin 
antisense  RNA,  specifically  in  keratinocytes.  As  we  showed  previously  (Huff  et  al.,  1993;  Rosenthal  et  al., 
1991),  each  of  the  HKl  enhancer  elements  appears  to  have  a  distinct  function.  For  example,  the  422-bp 
proximal  element  seems  to  mediate  induction  by  Ca^"^.  In  contrast,  the  distal  158-bp  element  is  involved  in 
determining  the  absolute  level  of  expression  of  keratin  (or  a  foreign  gene  inserted  near  it)  in  skin  cells  since  partial 
or  complete  deletion  was  shown  to  cause  a  reduction  in  activity  but  not  of  Ca  ^  inducibility. 

This  approach  takes  advantage  of  skin-specific  expression  of  CAM  and  FADD-DN  constructs  to  examine 
their  roles  in  response  to  SM  in  transgenic  mice.  Human  CAM  and  FADD-DN  sequences  have  therefore  been 
inserted  into  the  Kl  vector,  in  order  to  drive  the  epidermal-specific  expression  of  CAM  antisense  or  FADD-DN  in 
transgenic  mice. 

b.  Methods  for  Transgenic  Mice.  In  brief,  the  plasmid  are  being  injected  into  the 
pronucleus  of  oocytes;  subsequently  the  oocytes  are  reintroduced  into  mock-fertilized  female  mice.  After  birth 
and  weaning  (approximately  6  weeks  total  time),  DNA  derived  from  the  tails  of  these  "founder"  mice  will  be 
tested  for  the  integration  of  the  foreign  new  sequences  into  total  tissue  cellular  DNA  by  well-established  PCR  and 
Southern  hybridization  techniques 
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4.4  Discussion 

Testing  of  CAM  and  FADD  constructs  in  the  graft  system  to  determine  if  the  response 
is  altered  following  SM  treatment:  In  vivo  markers  for  differentiation,  apoptosis  and 
vesication 

(1)  Detection  of  differentiation  markers.  Utilizing  Ncol  cells  in  our  system,  we  have  previously 
demonstrated  the  correct  expression  of  keratins  Kl,  KIO  and  K14  within  the  grafted  epidermis  (Rosenthal  et  al., 
1995).  These  differentiation  markers  are  therefore  detected  employing  the  technique  that  we  have  previously 
described  for  this  system  (Rosenthal  et  al.,  1995),  and  similar  to  that  described  below,  with  the  exception  that 
TCA  and  ethanol  fixation  are  not  used  to  detect  the  epidermal  keratins  in  frozen  sections. 

(2)  Detection  of  earliest  stages  of  apoptosis.  The  earliest  stage  of  apoptosis  is  marked  by  the 
activation  of  PARP  (Simbulan-Rosenthal  et  al,  1998).  Thus,  we  are  assaying  for  the  presence  of  polymer  using 
indirect  immunofluorescence  of  sections  as  described  previously  (Rosenthal  et  al.,  1997).  Frozen  slan  sections 
are  fixed  with  10%  (w/v)  ice-cold  trichloroacetic  acid  for  10  min,  and  dehydrated  in  70%,  90%,  and  absolute 
ethanol  for  3  min  each  at  -20°C.  The  slides  are  then  incubated  overnight  in  a  humid  chamber  at  room  temperature 
with  antibodies  to  PAR  (1:250  dilution)  in  phosphate-buffered  saline  (PBS)  containing  12%  bovine  semm 
albumin  (BSA).  After  washing  with  PBS,  sections  are  incubated  for  1  h  with  biotinylated  anti-mouse  IgG  (1:400 
dilution  in  PBS-BSA),  washed,  and  incubated  for  30  min  with  streptavidin-conjugated  Texas  red  (1:800  dilution 
in  PBS-BSA).  Cells  are  finally  mounted  with  PBS  containing  80%  glycerol  and  observed  with  a  Zeiss 
fluorescence  microscope.  All  exposure  times  are  identical  to  allow  comparisons  of  relative  staining  intensities  at 
various  times  during  apoptosis. 


(3)  Detection  of  mid-stages  of  apoptosis:  active  caspases  and  their  substrate  cleavage 
products.  To  observe  activation  of  caspases  in  skin  sections,  we  are  exploiting  the  properties  of  several 
antibodies  that  recognize  only  the  cleavage  products  of  caspase-  7,  caspase-8  and  PARP,  but  do  not  reco^ize  the 
fiiU-length  proteins.  The  caspase  antibodies  are  available  from  Dr.  Edward  Gelmann  (Georgetown  University) 
while  the  antibody  against  the  24  kDa  cleavage  product  of  PARP  has  been  developed  by  our  laboratory  in 
collaboration  with  Dr.  Intisar  Hussein  (Glaxo). 

Antibodies  to  PARP-DBD  are  derived  %  immunization  of  rabbits  with  a  peptide  corresponding  to  amino  acids  25 
to  41  of  human  PARP.  The  specificity  of  this  antibody  is  demonstrated  above,  and  its  use  for  the  detection  of 
apoptotic  cells  has  been  described  previously  (Rosenthal  et  al.,  1997). 

(4)  Detection  of  late  stage  of  apoptosis:  DNA  fragmentation.  DNA  breaks  are  detected  in 
situ  using  a  Klenow  fragment-based  assay  system  (TACSl;  Trevigen).  Cells  are  fixed  and  labeled  with 
biotinylated  nucleotides,  using  streptavidin-conjugated  horseradish  peroxidase  and  diamino-benzidine  for 
detection.  Cells  are  counter-stained  with  methyl  green.  Brown  nuclei  are  positive  for  Klenow  labeling.  DNA 
nucleosome  ladders  are  observed  by  isolation  of  total  genomic  DNA  and  agarose  gel  electrophoresis  as  described 
previously  (Nicholson  et  al.,  1995). 

(5)  Detection  of  vesication.  The  probability  of  success  in  utilizing  an  end  point  of  micro  or  macro 
blisters  for  mustard  applications  in  such  engineered  human  skin  regions  has  been  strengthened  by  our  owen 
observations  made  in  experiments  performed  in  collaboration  with  Dana  Anderson  and  Dr.  Larry  Micheltree  of 
USAMRICD,  as  well  as  those  of  Papirmeister  and  colleagues,  that  human  skin  grafts  transplanted  onto  nude 
mice  have  been  successful  to  examine  SM-induced  NAD  depletion  (Gross  et  al.,  1988;  Meier  et  al.,  1984; 
Papirmeister  et  al.,  1991;  Petrali  et  al.,  1990;  Smith  et  al.,  1990;  Smith  et  al.,  1991;  Smulson,  1990).  The  model 
has  also  been  used  to  assess  the  protection  afforded  against  SM-induced  NAD  depletion  by  the  systematically 
administered  PADPRP  inhibitors  3-aminobenzamide  and  3-methoxybenzamide.  Microblisters  in  SM-exposed 
skin  grafts  on  nude  mice  have  also  been  verified  by  van  Genderen  and  colleagues  (van  Genderen  and  Wolthuis, 
1986). 
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CONCLUSIONS 


•  SM  induces  markers  of  apoptosis  in  primary  (NHEK)  and  immortalized  keratinocytes. 

•  Activation  of  caspases  is  calmodulin  and  Fas/TNF-dependent. 

•  Molecular  ordering  of  specific  caspase  activation  suggests  that  SM  operates  via  a  Fas/TNF  pathway. 

•  Fas  and  Fas  L  are  up-regulated  in  keratinocytes  exposed  to  SM. 

•  Calmoduhn  antisense  vectors  have  been  constructed  and  have  been  shown  to  lower  endogenous  levels  of 
CAM  in  immortalized  human  keratinocytes  (Ncol). 

•  Calmodulin  antisense  and  sense  retroviruses  have  been  constructed  for  the  infection  of  primary  human 
keratinocytes. 

•  Grafted  human  keratinocytes  expressing  FADD-DN  show  a  reduced  response  to  SM  in  vivo. 
Plans/Milestones  for  the  Next  Quarter 

•  Grafting  of  calmodulin  antisense  keratinocytes. 

6 .  ACCOMPLISHMENT  OF  TASKS 

During  the  past  year,  we  have  been  successful  in  accomplishing  the  majority  of  the  remaining  tasks. 

Task  7  (C  2.5.1)  has  been  accomplished.  Task  7  ( C2.5.2)  has  been  initiated.  Task  8  has  been  initiated. 
Task  9  (C.2.7.1)  has  been  accomplished  for  the  FADD-DN  clones  and  is  being  performed  for  the  calmodulin 
antisense  as  well.  Task  9  (C2.7  (2))  has  been  accomplished  for  FADD-DN  clones.  Task  10  is  in  preparation. 
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